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rience differs in a remarkable manner from that of Mr- 
Bell, as stated in his celebrated lecture. It is true that 
selenium may be rendered crystalline in “ a few minutes,” 
but in this condition I find it far less sensitive to light 
than after it has undergone a process of long heating and 
slow cooling. My method is as follows:—The brass 
plate being cool, lay the cell upon it again, and place the 
burner at its lowest possible point. The selenium will 
soon begin to crystallise, as evidenced by its surface 
assuming a dull leaden appearance. (If the crystallisa¬ 
tion has not begun in five minutes, raise the burner an 
inch or two.) In from five to ten minutes the whole 
of the selenium should be crystallised. Then very gra¬ 
dually raise the burner until signs of fusion just begin to 
appear. This will probably take place when the flame is 
within 3 inches of the brass. Instantly remove the 
burner, and in about ten seconds re-crystallisation will 
occur. Now fix the burner ^ inch below the point at 
which it was when fusion commenced, and let it remain 
for four hours, merely looking at it from time to time to 
ascertain that, owing to increase of gas pressure or other 
causes, the heat has not become too great. After four 
hours begin the cooling by lowering the burner an inch 
or two, and repeat this operation every ten or fifteen 
minutes, until the burner is at its lowest point. Then 
slightly lower the gas-flame at short intervals, until it is 
finally extinguished. When the brass plate is quite cool 
the cell may be removed. 

I may mention that I first made a cell of this form, 
which I believe to be original, on October 28. 1 If the 
two wires were wound on a cylinder made of some 
suitable non-conductor (e.g. slate) with a double screw 
cut upon its surface, a cell might be formed which, it 
appears to me, would unite all the advantages of Mr. 
Bell’s with far greater simplicity. 

My experiments were made with the transmitter and 
selenium cell above described, a magic-lantern with a 
4-inch condenser, the focussing lenses being removed, 
two plano-convex lenses obtained by separating a 3J-inch 
condenser, a “blow-through” lime-light, a battery of 
eleven cells (small Leclanchd’s answer well), and a pair 
of Bell telephones. It is essential that the bobbins of the 
latter be wound with finer wire than that generally 
used. Mine contain No. 40 (instead of 35 or 36), and I 
intend to try 42. Their diameter is also larger than 
usual—11 inch. 

The transmitter is clamped so that its axis is inclined 
at an angle of about 30° to that of the lantern condenser, 
the centre of the mirror being 7 or 8 inches from the 
centre of the condenser; and the position of the lime¬ 
light is so adjusted that the condensed rays may just 
cover the whole surface of the mirror. 

The reflected beam is rendered as nearly parallel as 
possible by one of the plano-convex lenses (this can only 
be done approximately), while the other, placed a foot or 
two away, concentrates the light upon the selenium cell, 
forming an elliptical image of the mirror. The major 
axis of the ellipse should be parallel to the length of the 
cell, and the minor axis slightly longer than its width. A 
great deal depends upon the focussing, and the best 
results have been obtained when the image of the mirror 
was not quite sharp. The selenium cell is joined in circuit 
with the battery and the pair of telephones, the latter 
being for obvious reasons placed in a distant room. The 
arrangements are now complete, and a person listening 
with a telephone applied to each ear will, if everything is 
right, plainly hear -words which are spoken into the trans¬ 
mitter. When I first made the experiment I was so 
much astonished at the distinctness of the reproduction 
that I believed that one of the battery connections must be 

1 If a larger surface is desired, two or more of these cells may be placed 
together side by side, the ends of the wires being properly connected. The 
width of | inch for a single cell cannot be much exceeded, because the 
expansion produced by the heat necessary for melting the selenium would 
make the wires on a wider surface so loose as to touch each other. 


defective, thus acting like a microphone. This was dis¬ 
proved by screening the mirror, when all sound instantly 
ceased. 

Though the articulation is not perfect, it is far better 
than I had expected, judging from the accounts of the 
performances of the photophone in Paris. A leading 
article might not be altogether intelligible, but ordinary 
colloquial phrases are readily [understood. The loud¬ 
ness of the reproduced speech varies in an unaccountable 
manner. Sometimes the voice is rendered almost as loudly 
as in an ordinary telephone; at other times, under ap¬ 
parently the same conditions, it is scarcely audible. Alter¬ 
nations from loudness to faintness, and vice vers A, frequently 
occur in a single sentence. 

The distances across which the beam is carried have 
varied in my experiments from 1 foot (when the two 
plano-convex lenses were in actual contact) to rather 
more than 4 feet. 1 With a larger receiving lens this 
distance could be greatly extended, especially if the 
electric light were used. 

For the “ musical ” effects produced by an interrupted 
beam I use a disk of zinc i-foot in diameter, having eight 
radial slits cut in it, and mounted upon a vacuum tube 
rotator. The cell is placed 6 inches from the lantern 
condenser, and the disk made to rotate close before it. 
The sound produced is very loud, and can be heard when 
the telephones are at a distance of a foot or more from 
the ears. 

It is very singular, that whereas I have been so suc¬ 
cessful in repeating Mr. Bell’s more complex experiments, 
I have utterly failed in all attempts to produce sound by 
the simple incidence of an interrupted beam upon a thin 
diaphragm. I have experimented with disks of ebonite 
varying from to j inch in thickness, and with several 
metals, and can only suppose that my source of light is 
not sufficiently powerful. Shelford Bidwell 


THE CHRONOGRAPH 

M ESSRS. E. DENT AND CO., of the Strand and 
Royal Exchange, London, have been for some time 
past at work upon three galvanic chronographs of unusual 
accuracy and power. They surpass in both respects, so 
far as we know, any similar instruments yet constructed ; 
and we believe, therefore, some account of them will be 
interesting to our readers. They sire destined respectively 
for the Royal Observatory of Brussels, for the Japanese 
Government, and for the Egyptian Government. 

The advantages of the “ cbronographic ” registration 
of the times of observations in observatories are not to be 
gainsaid. In the absence of any such arrangement an 
astronomer, whilst watching through his telescope, has to 
compute the time by counting up the clock-beats. More 
often than not he will find that no clock-beat exactly 
coincides with the instant of his observation. He must 
then reckon the difference—the fraction of the second 
elapsed—by judgment as best he is able. Skilled 
observers can reckon to tenths of seconds, but these are 
large and coarse amounts compared with what may be 
noted upon such chronographs as those we are referring 
to. In any case the astronomer must make a hurried 
memorandum of his results ; otherwise he is liable to- 
forget them. 

The Astronomer-Royal was, we believe, the first to in¬ 
troduce a system of astronomical chronograpbic measure¬ 
ment into England ; and he designed and had constructed 
at the Royal Observatory a large apparatus for the pur¬ 
pose. The reader must bear in mind that though differ¬ 
ing in some respects both in their mechanism and the 
means employed, the chronographs we are going to 
describe are fundamentally the same as the Astronomer- 
Royal’s. 

? » With a 52-inch receiving lens the distance has been increased to upwards 
of 10 feet. 
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CC (see Fig. 1) is a cylinder around which one thick¬ 
ness of paper is wrapped, and underneath it is a long 
screw W w. A wheel on the axis of c C gears into one 
mounted on w w; thus when the cylinder turns, the 
screw turns, ww is tapped through the lower portion of 
a carriage K (compare Fig. 2), and K rests on rails 
parallel with w w. When the screw w w turns, K cannot 
turn too, and is therefore propelled by the screw up or 
down the rails underneath the cylinder. 


L is clockwork which drives the screw, and consequently 
the cylinder and carriage. The rapidity with which L 
moves is regulated by the pendulum pp. ' p p is a conical 
pendulum ; that is, instead of oscillating, it swings round 
in the surface of a cone, p p is suspended by two pairs of 
springs S S, S S at right angles to each other. 

Let us consider the actions of C C and K (see Fig. 2). 
K carries two prickers, one of which is placed in electrical 
communication with the Observatory standard clock. It 



is so arranged that at every beat of the standard clock 
(except the 6otli second of each minute) the pricker shall 
rise and puncture the paper wrapped round the cylinder. 
Now suppose that whilst the clock keeps pricking, the 
cylinder is turning, and the carriage K moving to the left. 
Then we shall get a succession of pricks marked off upon 
the cylinder in the form of a slightly inclined spiral, and 
the distance between each prick will represent one second. 
Every 60th prick (or second) being omitted, the occurrence 
of each minute is easily distinguished. 

The carriage K carries another pricker alongside the 


clock-pricker'—this is the observation-pricker. The 
observation-pricker is placed in electrical communication 
with any instrument in the observatory the astronomer 
may be going to use, and it is so arranged that the astro¬ 
nomer by merely pressing down a stud can cause the 
observation-pricker to rise and puncture the paper on the 
cylinder. This it will do somewhere alongside the spiral 
of clock-pricks. By reference to the latter the time of the 
observation can then be determined to the s \jth of a second. 

Let us examine the piicks on the cylinder (Fig. 2). 
The spiral of the clock-pricks winds around the cylinder 
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from left to right. As the cylinder turns once in two 
minutes, there is between each prick and its fellow simi¬ 
larly positioned on the next spiral a difference in time of 
two minutes. As stated above, we note by the absence 
of the pricks the occurrence of the minutes. By reference 
to the figures placed (for explanation) along the top and 
side of the section of the cylinder, we see that the time of 
the highest prick on the left-hand spiral was 9I1. 12m. 46s. 
Following the course of the spiral down towards the 



pricker which is tracing it, we first pass the blank line 
indicating the occurrence of the next minute, and then 
come to three observation-pricks at about the 8th and 9th 
seconds beyond it. These in practice would be measured 
off and their values determined to the ^th or 3 Jo* of a 
second. There are other observation-pricks at the 22nd 
second, the 24th, and 25th, and there is a group of others 
at about the 40th. 

When all the observations have been reckoned up the 
paper is put away, and it is not the least advantage of 



the “chronographic” method that in any case of doubt 
the original observation can be itself referred to years 
afterwards. 

As the paper is moving whilst being punctured, the 
prickers have to be mounted on springs to enable them 
to yield a little. In Fig. 3 is a side view of the pricker, 
G G being the spring, and c C a portion of the cylinder. 

There is no difficulty in reading off the observations 
after a little practice : but in order to facilitate the eye 


in following the sequence of the punctures—before the 
paper is used a continuous spiral line is ruled upon it which 
shall exactly correspond with their course. This is done 
in the following way (see Fig. 1) :—At t are two clutch- 
wheels, which connect the screw and cylinder with the 
clock-work L. By moving a lever near them the clock¬ 
work is thrown out of gear, and simultaneously the -winch 
on the left is thrown into gear with the screw. On the 
carriage K. (see Fig. 2) is a little roller e, and by moving 
a handle this is sprung up against the paper on the 
cylinder. The winch before referred to is now turned, the 
cylinder rapidly revolves, and the carriage quickly tra¬ 
verses the screw, the spiral line meanwhile being traced 
by the pressure of E upon the paper of the cylinder. To 
prevent damage to the prickers during the operation, the 
act of disengaging the clock-work breaks their electrical 
communication, and they can neither of them be raised 
until the clutch-work is restored. The cylinder moves 
very swiftly whilst the line is being traced, and were it 
brought to a standstill suddenly great damage would be 
done. To prevent this it is arranged that when the 
carriage K is approaching either extremity of the screw 
it shall work a brake arrangement B B, which brings the 
machinery quietly to repose. The act of putting the 
clutch-wheels T into position again also releases the brake. 
The clutch-wheels T are mounted on a spring, so that 
should their teeth not correspond when they are put into 
gear, one will give and wait for the other to overtake it. 

It is desirable that the clock L should drive cc with 
great uniformity ; and as the time of a conical pendulum 
is affected in a very great degree by any variation in the 
force of the clock-train, a special governing arrangement, 
the invention of the Astronomer-Royal, is employed. 
U (see Fig. 4) is a trough filled with glycerine and water. 
Power reaches the pendulum by means of its connection 
with the vertical spindle seen at the centre of the trough, 
which rises from the clock-work. In this connection 
there is a joint, and a dipper D forms part of it. Too 
much power drives out the pendulum, and it would then 
go faster, were it not that the dipper, entering the glycerine 
and water more deeply, checks its motion. On the other 
hand, whenever the power falls off the pendulum performs 
a smaller circle, thereby lifting the dipper a little more 
away from the liquid, and diminishing the resistance in 
exactly the same proportion as the force. The pointer x 
is a very delicate index of the angle the pendulum is 
swinging. The compensatory action of this governor is 
very considerable; doubling the power produces no 
perceptible difference in the time. The quickness with 
which it works is surprising; an infinitesimal change in 
the power is immediately indicated on the scale a, 
showing how well the apparatus is doing its work. 

To prevent damage to the governor and the more 
delicate clock-wheels by any sudden check to the cylinder, 
a ratch-wheel arrangement has been introduced, which, 
when the cylinder is suddenly stopped, enables the 
pendulum to run on until it comes to rest gradually, 
by want of power. 

Fig. 1 gives a very faint idea of the dimensions of the 
apparatus. The cylinder cc is 12 inches in diameter, and 
30 inches long. Its weight is about 70 lb. The space 
between each seconds prick is fg inch, and the distance 
between the successive turns of the spiral of pricks inch. 
There is room on the paper for 200 spirals, and as 
each is more than one yard long, we can get more than 
200 yards (6| hours) of continuous observation without 
disturbing the instrument. There is always a spare cylinder 
covered with paper kept ready to replace the first. 

The iron base-plate on which the instrument is mounted 
weighs over 3 ewt, the rails on which the carriage K runs 
are cast in one piece with it, and, along with all other 
bearing surfaces are planed. The pendulum, which weighs 
some 18 lb., and is compensated, goes round once in 
two seconds. Its suspension-piece weighs 2 cwt. As 
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regards the accuracy of the construction of these chrono¬ 
graphs, the best criterion is to be found in the force that 
is required to work them. We find that 7 foot-pounds 
per hour drives the clock-work and pendulum; 7 foot¬ 
pounds more drives the carriage as well; and only 3 foot¬ 
pounds more is wanted for the cylinder—17 foot-pounds 
per hour for the whole instrument. Considering the 
resistance of the carriage, the resistance of the glycerine, 
and the weight of the cylinder, we think the result as 
surprising as it is satisfactory. 


THE BELGIAN ENTOMOLOGICAL SOCIETY 

I N April, 1855, a circular with ten signatures was ad¬ 
dressed to entomologists residing in Belgium, pro¬ 
posing the formation of a National Entomological Society, 
the students of Insecta and allies having at that time no 
organisation, no central meeting-place for interchange of 
ideas, no special medium in which to publish the results 
of their researches. The proposal was met by cordial 
approval, and the first volume of the Annales of the 
newly-formed Society, published in 1857, indicated a 
strength of forty-seven effective and four honorary mem¬ 
bers, with Baron de Selys-Longchamps as president. At 
first its publications were occupied almost entirely by sub¬ 
jects concerning the Belgian fauna, the volumes were thin, 
and each represented the work of more than one year. 
The Society was however well grounded, and notwithstand¬ 
ing occasional short periods of depression, it gradually in¬ 
creased in the number of its members, in the wideness of 
the scope of the papers read at its meetings, and in repu¬ 
tation as one of the leading entomological societies. 
Naturally the size of the volumes of the Annales, and the 
frequency of their appearance, also increased, and now 
the Society produces a volume each year that no similar 
society need be ashamed of. The twenty-second volume 
appeared in 1879, showing that the weakness inherent on 
infancy was soon overcome. The list in this volume 
shows a total of 171 effective Members (including many 
foreigners, of whom, however, only six are our own 
countrymen), twelve Honorary Members (including Messrs. 
Stainton and Westwood), with the addition of Corre¬ 
sponding and Associate Members. It had also at that 
time acquired the distinction of being recognised by the 
State and of receiving a certain amount of State aid. 

On October 18, 1880, the Society celebrated its twenty- 
fifth anniversary, rejoicing in the attainment of more than 
its majority, on which occasion the present President 
(M. Weinmann) read a short congratulatory address, and 
the indefatigable secretary (M. Preudhomme de Borre, to 
whom the Society owes much of its recent success) gave 
an instructive sketch of the history and progress of the 
Society. On that occasion an especial honour was be¬ 
stowed upon its first president, Baron de Selys-Long¬ 
champs (recently elected President of the Belgian Senate), 
by conferring upon him (in spite of his protestations) the 
title of Honorary President, a graceful tribute to one who 
for so long had continually used his energies, his social 
and scientific position, and his purse in furthering its 
interests. 

Even apart from purely scientific considerations, the 
history of Belgium is so indissolubly mixed up with our 
own, and the feeling of fraternity so close, that all students 
of entomology in this country cannot but reciprocate the 
mutual congratulations that passed on this occasion 
between the native members; and the hearty and un¬ 
affected demonstrations of friendship accorded to our 
own entomologists who have attended the meetings of 
the Society show how warmly they welcome those of the 
foreign members who occasionally visit Brussels. The 
meetings are held in a room in the Royal Natural History 
Museum, in which is the library, and in connection with 
the entomological collection of the Museum. The annual 
subscription is small, and entitles the members to receive 


all the publications, including elaborate separate reports 
of the proceedings at the monthly meetings. We hope 
soon to see Englishmen figuring far more numerously in 
the lists of members. R. McL. 


A GENERAL THEOREM IN KINEMATICS 

T'HE following theorem with regard to the motion of a 
rigid body will doubtless be interesting to mathe¬ 
matical physicists :— 

In all cases of the motion, parallel to one plane, of a 
rigid body there is at every instant a point, J, of no 
acceleration, in the plane of motion ; the acceleration of 
every point, P, in the plane is in magnitude directly pro¬ 
portional to the distance, JP; and its direction makes 
with JP an angle which, though varying with the time, 
is at any instant the same for all points in the body. 

If a is the angular velocity of the body at any instant 
and a the angular acceleration, the angle between J P and 
the direction of acceleration of P is 
- 1 01 

tan —. 

&r 

We have therefore in all cases of uniplanar motion of 
a solid body an instantaneous acceleration centre , which 
is analogous to the ordinary instantaneous [velocity] 
centre. 

Of course the ordinary equation 

1 01 — L, 

which holds for motion round an axis fixed in space and 
in the body, and which expresses that the moment of the 
external forces about the axis is equal to the moment of 
the forces of inertia, holds also for the instantaneous 
acceleration centre. 

As a particular case, whenever a solid moves with 
constant angular velocity, the accelerations are all directed 
towards the same point at any instant, and it follows that 
the resultant stress exerted over the surface of any little 
lump of the matter is a force directed to this point, if no 
continuous forces act. 

This centre can be in any case geometrically constructed 
by a rule analogous to that for the ordinary instantaneous 
centre. 

When I had hit upon this theorem I mentioned it to 
Prof. Wolstenholme, who at once looked out for its 
extension to three dimensional motion. The result is 
very simple. 

In all cases of the motion of a solid body there is at 
every instant a point, J , of no acceleration ; and if at J 
there be drawn two axes, JA and J B, which are those 
respectively round which the resultant angular velocity, 
a, and the resultant angular acceleration, », take place, 
the acceleration of any point, P, is compounded of two— 
one along the perpendicular, p, from P on J A, and the 
other perpendicular to J B and to the perpendicular, g, 
from P on JB, these two components being, respectively, 
<A-p and hq. 

It seems surprising that such a simple and general 
property of the motion of a rigid body should not have 
been well known long ago. George M. Minchin 

Royal Indian Engineering College, 

Cooper’s Hill, November 6 


NOTES 

The awards of medals for the present year made by the 
President and Council of the Royal Society are as follows The 
Copl y Medal to Prof. James Joseph Sylvester, F.K.S., for his 
long-continued investigations and discoveries in mathematics ; a 
Royal Medal to Prof. Joseph Lister, F.R.S., for his contribu¬ 
tions on various physiological and biological subjects published 
in the Philosophical Transactions and Proceedings of the Royal 
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